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the majority of GMed EMG data that has been informing clinical practice to date 26 (Selkowitz et al., 2013; Semciw et al. , 2013c) . That is, most have assessed GMed activity 27 with surface EMG electrodes. 28 29 Surface EMG electrodes are commonly used to record muscle activity because they are 30 non-invasive; do not expose participants to pain or discomfort; are easily applied to the 31 skin; do not require specialist training for application; and with their relatively large inter-32 electrode distance, are able to capture muscle activity from a significant proportion of 33 motor-units that is likely representative of whole muscle activity (Basmajian and De Luca, 34 1985) . Despite these benefits, there are some disadvantages that would potentially result in 35 the recording of invalid or misleading data. In the context of GMed EMG research, these 36 disadvantages are primarily related to the inability of surface electrodes to detect activity 37 from deeply situated muscles; and the vulnerability of surface electrodes to record 38 additional myoelectric activity (cross-talk) from surrounding muscles or muscle segments 39 As certain portions of GMed lie deep to surrounding musculature, the use of a surface 42 electrode over these areas to detect activity in GMed may not be justifiable. Posteriorly, 43 GMed is completely sheltered by gluteus maximus (GMax) (Hodges et al. , 1997; Semciw 44 et al. , 2013a), while anteriorly, it is covered by tensor fascia lata (TFL) (Flack et al., 2014 ; 45 Semciw et al., 2013a) . Surface electrode recordings from either of these GMed regions 46 would therefore be invalid (Gottschalk et al., 1989) . The middle portion of GMed is 47 situated deep to the gluteal aponeurosis (Flack et al., 2014; Semciw et al., 2013a) . It could 48 be argued that EMG recordings can validly be taken from this portion of the muscle. In 49 fact, it is the middle GMed position that is recommended as a surface electrode placement 50 4 site by SENIAM (n.d.) and others (Cram, 1998) . However, the broad attachment of GMax 51 means that its anterior border encroaches upon, and on occasion may cover middle GMed 52 (Semciw et al. , 2013b (Basmajian and Stecko, 1962) , and this technique has been used for GMed 58 research previously (Selkowitz et al., 2013; Semciw et al., 2013c) . With the aid of a 59 hypodermic needle, the electrodes can be inserted directly into deep muscles; and the small 60 inter-electrode distance (2-3 mm) ensures greater specificity for recording the desired 61 muscle activity with minimal contamination from surrounding muscles (or segments) 62 (Chapman et al., 2006; . Furthermore, although seemingly considered an invasive 63 technique, participant discomfort while recording data from GMed with fine wire 64 electrodes is rated as mild (Semciw et al., 2013b) . Despite these advantages, surface 65 electrode recordings are still commonly used in contemporary GMed EMG research 66 (Dwyer et al., 2013; Philippon et al., 2011) . It is important then, to determine if surface 67 electrode recordings are comparable to fine wire recordings of GMed muscle activity. 68
Discrepancies may become clinically meaningful when clinicians are seeking to prescribe 69 GMed exercises at a targeted level of activity, based on research using surface (Reiman et 
Experimental protocol 127
To secure the fine wire electrodes within the muscle belly, participants were asked to walk 128 Differences were considered significant where p < 0.05. To provide an indication of the 165 magnitude of difference between each electrode type, a standardised effect size (ES) was 166 calculated by dividing the z-score of the Mann-Whitney U test by the square root of the 167 total sample size (Field, 2009 ). An ES threshold of 0.2, 0.5 and 0.8 was considered small, 168 medium and large respectively (Cohen, 1988 The intramuscular electrode was dislodged during testing for one participant, and artefact 174 affected the intramuscular electrode data during abduction for one participant; and the 175 surface electrode data during abduction for another participant. Data were therefore 176 acquired from the intramuscular electrodes in eight participants during abduction, and nine 177 participants during external and internal rotation; and data were acquired from surface 178 electrodes in nine participants during abduction, and ten participants during external and 179 internal rotation. (Dostal et al. , 1986 ). This would facilitate its role as a prime hip joint 213 abductor, and thus explain the high intensities recorded during maximum resisted 214 abduction in the current study. However, the high intensity recorded during internal 215 rotation is in contrast to its unfavourable moment arm for internal rotation torque 216 production (Dostal et al., 1986) . It is likely that the position of testing during maximum 217 resisted internal rotation in the current study (side-lying, with resistance applied to the 218 lateral border of the foot) did not encourage isolated internal rotation torque production, 219 but rather, a combination of internal rotation and abduction. The current findings also 220 indicate that middle GMed is only active at a small intensity during maximum resisted 221 external rotation as measured by intramuscular electrodes. This is consistent with middle 222
GMed's unfavourable moment arm for external rotation torque production (Dostal et al., 223 1986 ), suggesting it is not a prime mover for external rotation in the anatomical position. 224 225
Surface and fine wire electrode comparisons under high load conditions 226
In the current study, surface electrodes were comparable to intramuscular electrodes when 227 the muscle was contracting at a high intensity (abduction, and internal rotation) under high 228 load conditions. This is consistent with literature from some muscles, such as the The authors proposed that the additional activity recorded by surface electrodes at higher 249 loads most likely reflected cross-talk from surrounding prime movers of shoulder joint 250 extensors, such as the posterior deltoid (Johnson et al., 2011) . 251
252
The additional activity from surface electrode recordings during isometric hip external 253 rotation in the current study most likely represents cross-talk from surrounding prime 254 movers. Given that middle GMed has an unfavourable fibre orientation and moment arm 255 for external rotation torque production (Dostal et al., 1986) , it was expected that EMG 256 activity during this manoeuvre would be low. This was the case for intramuscular electrode 257 data, however, surface electrode activity was significantly higher, and bordered on 258 moderate intensity (moderate intensity indicated by 21%-40% MVIC; Reiman et al., 2012) . 259
It is possible that surface electrodes captured additional activity from neighbouring prime 260 movers of external rotation, for instance, GMax (Dostal et al., 1986) . 261 262
Implications 263
Accurate EMG data is essential to inform clinical practice. As identified by recent 264 systematic reviews, there are a number of EMG studies on GMed that aim to evaluate the 265 contribution of this muscle to commonly prescribed rehabilitation exercises (French et influenced by cross-talk from this muscle. Furthermore, EMG data was not deliberately 288 collected from surrounding musculature. This would be necessary to verify whether cross-289 talk was a factor associated with additional EMG activity from surface recordings of 290
GMed during ER. 291 15
The size of the sample in the current study might be considered to be too small to detect a 292 difference between the electrode types in the high intensity conditions. However, the 293 magnitude of the difference was small and it was calculated that more than 95 participants 294 would be required (β=0.80) to detect a difference if one truly exists. The sample size used 295 in this study reflects similar literature on comparisons between surface and fine wire 296 electrode recordings (Hackett et al., 2014; Johnson et al., 2011) . 297
298
A concern with EMG data, particularly when recorded with intramuscular electrodes 299 (Kadaba et al. , 1985) , is whether they are consistently representative of a participants' 300 actual EMG variables, i.e. are they repeatable within test sessions and between testing days 301 (Kadaba et al. , 1989; Kadaba et al., 1985) . Intramuscular EMG signals are considered to 302 be less repeatable within participants than surface EMG signals because they may cause 303 intramuscular bleeding, can move within the muscle, or may fracture during intense muscle 304 contractions (Kadaba et al., 1985) . Repeatability of fine wire data recorded from this 305
muscle is yet to be established and therefore requires further investigation. 306
307
The comparisons between surface and fine wire electrodes in this study were performed 308 during isometric high load conditions. Further comparisons in dynamic tasks will help 309 evaluate any inaccuracy associated with movement of the skin over muscle (Hackett et 
Conclusion 320
The current study suggests that surface EMG electrodes record additional myoelectric 321 activity from middle GMed when it is active at low intensities, under high load, e.g. in 322
actions where the muscle is not considered a prime mover. Caution should be used when 323 interpreting prior surface electrodes studies; and we recommend the use of intramuscular 324 electrodes in future studies that attempt to quantify muscle activity of middle GMed across 325 a wide range of tasks. 
